Data from different studies correlating the serum 25(OH)D levels with the metabolic and glycemic parameters in type 2 diabetes patients are still varying. The objective if this study was to describe the correlation between serum 25(OH)D levels and some metabolic parameters in Bulgarian type 2 diabetes patients on oral antidiabetic drugs. One hundred type 2 diabetes patients participated -56 men and 44 women. The mean age and diabetes duration of the women was 59.0 and 9.8 years, of the men -58.0 and 7.7 years respectively. Complete patient history was taken and physical examination was performed (body weight and height, waist circumference). Body composition was measured on a leg-to-leg body impedance analyzer (TBF-215, Tanita Corp., Tokyo, Japan). Serum levels of vitamin D were measured by electro-hemi-luminescent detection as 25-(ОН) D Total (ECLIA, Elecsys 2010, Roche Diagnostics, Switzerland). Glycated hemoglobin A1c was measured on a NycoCard reader (Alere™). Total, HDL-cholesterol (direct) and triglycerides were analyzed on a Cobas Integra 400+ analyzer. Correlation analysis was performed on a SPSS 13.0 for Windows platform and included 10 curves. The data were fi rst analyzed for the group as a whole and then separately for men and women as well as in the different vitamin D tertiles. The mean serum 25-OH-vitamin D levels were 23.8 ± 12.1 nmol/l in women and 33.3 ± 20.0 nmol/l in men. We were unable to fi nd any statistically signifi cant correlation between serum 25(OH) vitamin
D and the serum lipids (cholesterol profi le and triglycerides). On the contrary, there was a weak correlation with the glycated hemoglobin A1c (cubic model, R 2 = 0.178, p = 0.05) and the BMI (inverse model, R 2 = 0.101, p = 0.038). The sub-analyses (men versus women or according to tertiles of vitamin D) did not produce any additional information. The infl uence of vitamin D on the parameters of the metabolic control in type 2 diabetes is very weak on an individual level. It might be only demonstrated in large epidemiological surveys.
INTRODUCTION
T ype 2 Diabetes has grown to an epidemic worldwide due to sedentary lifestyle, over-nutrition and obesity. Diabetes mellitus and vitamin D defi ciency / insuffi ciency are often coexisting in the same subjects. This has led to epidemiological studies looking for and fi nding a statistical association between type 2 diabetes and vitamin D defi ciency. This association was confi rmed in both directions. Observational studies show a consistent association between low vitamin D status and prevalent type 2 diabetes [9-11, 25]. Vitamin D levels are predictive of future glycemic status and insulin resistance [1, 7, 8, 24] . There is a relationship between vitamin D and hyperglycemia in older people [21] . Some studies did not fi nd any signifi cant association between the vitamin D status and the glycemic control, plasma lipids, blood pressure [15, 22] , while others studies did fi nd a weak one [12, 13, 16] . Moreover, some interventional studies with vitamin D supplements showed an improvement in insulin sensitivity, insulin secretion and some markers of metabolic control [4, 8, 17, 19] , which was not the case in other studies [14, 23] . Many researchers support the direct role of vitamin D in the pathogenesis of type 2 diabetes [5, 20, 26] .
21.3% of the Bulgarian population have vitamin D insuffi ciency and 54.5% -vitamin D defi ciency [3] . Post hoc analyses show that low vitamin D is more common in the urban population and in the presence of obesity. In a previous study we were able to prove that vitamin D defi ciency was even more prevalent in type 2 diabetes patients on oral drugs than in the general Bulgarian population [2] . Practically all diabetics in our study had low plasma vitamin D.
AIM AND OBJECTIVES
The aim of the present study was to describe the correlation between serum 25(OH)D levels and the metabolic parameters in the same above mentioned group of Bulgarian type 2 diabetes patients on oral antidiabetic drugs.
PATIENTS AND METHODS
This was a cross-sectional observational study conducted from November till May for two consecutive years. The time period of low sunlight exposure was selected to increase the sensitivity in detecting vitamin D insuffi ciency. The following inclusion criteria were applied: 1. Confi rmed diagnosis of type 2 diabetes with a duration of ≥ one year in subjects from both sexes aged ≥ 50 years, 2. treatment with oral antidiabetic drugs (OADs), and 3. no prior use of vitamin D containing preparations. 80% of the participants were taking metformin, and 70% were on dual oral antidiabetic therapy. The exclusion criteria included: 1. past or present insulin treatment, 2. conditions interfering with the bioavailability of vitamin D -malabsorption, liver cirrhosis, renal failure, administration of anticonvulsants or corticosteroids, known hyper-or hypoparathyroidism, uncontrolled hyper-and hypothyroidism. The study protocol was approved by the Scientifi c Council and Ethic Committee at the Medical University Sofi a. All patients signed informed consent before any study procedure was started.
Medical history was taken and a thorough physical examination was performed. All measurements were performed in the fasting state between 08.00 and 09.00 a.m. Height (in cm), weight (in kg) and body mass index (in kg x m 2 ) were measured on a leg-to-leg body impedance analyzer in the standing position with light clothing (Tanita TBF-215; Tanita Inc., Japan). Waist circumference was measured as an index of visceral obesity.
Routine blood biochemistry was performed on a Cobas Integra 400+ analyzer (total cholesterol and HDL direct, triglycerides), glycated hemoglobin A1c -on a NycoCard reader (Alere™). Serum 25-(OH) -Vitamin D was measured by electro-hemi-luminescent detection (ECLIA method) as 25(OH)D Total (Elecsys 2010 analyzer, Roche Diagnostics, Switzerland). Vitamin D insuffi ciency was defi ned as 25(OH)D levels between 25.0 and 49.9 nmol/l, and defi ciency -as levels < 25.0 nmol / l according to the Bulgarian guideline for the diagnosis and treatment of vitamin D insuffi ciency [18] .
Statistical analysis was done on the SPSS 13.0 for Windows platform (SPSS Inc., Chicago, IL, USA). The metabolic and anthropometric parameters were tested for normal distribution. Correlation analyses included serum 25(OH)-vitamin D as the independent variable and the metabolic and anthropometric parameters as the dependent variables. 10 regression curves were tested and the best fi tting / most signifi cant ones were selected (linear, quadratic, cubic, exponential, power, S, growth, inverse, logarithmic, compound) . The data were fi rst analyzed for the study population as a whole and then separately for men and women as well as subdivided into tertiles of serum vitamin D.
RESULTS
One hundred type 2 diabetes patients participated in this study (56 men and 44 women). The mean age of the female participants was 59.0 years and of the male participants -58.0 years. The mean diabetes duration in women was 9.8 ± 6.3 years and 7.7 ± 4.5 years -in men. The most important anthropometric and laboratory parameters are shown separately for women and men in Table 1 (mean values ± SD, minimum -maximum range). The mean serum 25(OH)D levels were lower than the country specifi c means in both genders -23.8 versus 36.3 nmol/l in women and 33.3 versus 41.5 nmol/l in men [3] .
The regression formulas including lipids and waist circumference as dependent variables and 25(OH)D as the independent one did not reach statistical signifi cance. Only the correlation between 25(OH)D, BMI and HbA1c was of statistical significance (Table 2) . Similar results were observed if data were analyzed separately in men and women (data not shown). We further subdivided our participants into tertiles according to their 25(OH)D level (Fig. 1) . The BMI, HbA1c and serum lipid values did not show any steady trend according to the different vitamin D levels -the highest values were found in the middle tertile of 25(OH)D ( Fig. 1 and 2) . 
DISCUSSION
The hypothesis of a possible interplay between the vitamin D status and the metabolic control in type 2 diabetes patients has recently found a number of supporting evidence coming from diabetics as well as non-diabetics with features of the metabolic syndrome. Data from 292 postmenopausal women aged 50-79 years in the Women's Health Initiative showed an inverse association of higher 25(OH)D concentrations with BMI, waist circumference, triglycerides and triglycerides/HDLcholesterol ratio while not with LDL and HDL-cholesterol, insulin or plasma glucose [6] . In a cross-sectional sample of 250 overweight and obese adults of different ethnicities modest inverse associations of vitamin D3 with body weight, (r = -0.21), BMI (r = -0.18), waist (r=-0.14) and HbA1c (r = -0.16) were registered [16] . Retrospective data from 276 Korean type 2 diabetes patients showed that serum 25(OH)D was signifi cantly related to triglycerides, LDL-cholesterol and HbA1c [25] . A cross-sectional study in 8018 nonsmoking and 2087 smoking subjects showed a signifi cant increase in serum total cholesterol, HDL-and LDL-cholesterol, and a signifi cant decrease in serum LDL/HDL-cholesterol ration and triglycerides across increasing serum 25(OH) D quartiles [12] .
In our study sample we were unable to prove any signifi cant association between serum 25(OH)D and the cholesterol profi le and triglycerides. However, the correlation of 25(OH)D to HbA1c and BMI was statistically signifi cant, although of borderline clinical signifi cance. These fi ndings might be attributed to two main factors: First, our study sample was very small and therefore not powered enough to detect slight differences due to the vitamin D status; and secondly, the association of 25(OH)D with markers of the metabolic syndrome might be so weak that it is hard to prove and is therefore of no practical clinical relevance.
The contribution of the vitamin D status to the markers of the metabolic control is shown to be very weak in other studies also. In the study by A-T. McGill et al. [16] the variability of HbA1c attributable to 25(OH)D was 2.6 %, and in the study by J Re Yu [25] it was 2.4 %. The same is observed with the serum lipids. In the study by S. Chako [6] the R2 for the association of 25(OH)D with the triglycerides was 0.01 (1 % variability of TG levels due to the vitamin D status) and it was 0.019 (1.9 % variability) in the study by J. R. Yu [25] . The respective contribution of the variation in 25(OH)D to the LDL-cholesterol variability was 4.7 % in the latter study [25] . A stratifi cation of blood lipids according to the vitamin D tertiles was applied in 108 711 patients coming from the general population but data were consistent only if the highest tertile (25(OH)D ≥ 30 ng/dl) was compared to the lowest one (25(OH)D < 20 ng/dl) [22] . There are also studies which were unable to fi nd any impact of vitamin D defi ciency on the clinical metabolic status and biomarkers of infl ammation in type 2 diabetes [15] .
CONCLUSION
The impact of the vitamin D status on the Hba1c and lipid profi le in type 2 diabetes patients is possibly very weak. Large cross-sectional and interventional studies are needed to confi rm these relationships. From the clinician's point of view serum 25(OH)D levels cannot be regarded as a relevant factor contributing to the metabolic control in type 2 diabetes patients on oral antidiabetic drugs.
